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MEBT-2 Layout
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A 1t consists of two quadrupole doublets and four triplets.

A Two type of quadrupoles i.e. F-type and D-type (100 and 50 mm effective
length respectively).

Each magnet package includes x and y steering correctors and a BPM.
A Design specification of BPM resolution is 30 nm.

Longitudinal focusing is provided by two bunching cavities.

50 Ohm and 200 Ohm kickers.

Diagnostic includes: Allision Scanner, three set of beam scraping

system, time of flight monitor, two toroids, fast Farady cup.
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Outline

A Differential Trajectory Method
A Java-Based program for Differential Trajectory Measurement
A Optics Measurements at MEBT-2

I Differential Trajectory Measurement
T RMS beam size measurement

A Summary
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Beam Optics Measurement:
A Principle objective of beam optics measurement at MEBT-2 is
I Development of a optical model that could predict beam trajectory
with minimal discrepancy.

I Beam based characterization calibration coefficients (magnetic
field per unit current) of correctors and quadrupoles.

A Differential Trajectory method is used:

I AKkick is applied and resulting trajectory difference (before and
after kick)is measured in subsequent BPMs.

I Method is independent from quadrupole and BPMs offset.

I Independent from initial beam condition and useful to address
ISsues such as power supply polarity swap, BPM reverse polarity
etcs.

A OPTIMX beam dynamics code is used to prepare the optics

model and analyze the measurement results. (Thanks to F.

Ostiguy.and V. Lebedev) 2t Fermilab
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Differential Trajectory : Measurement Procedure

Trajectory after kick pifferential Trajectory

Position

Nominal trajectory

axisline

Apply kick

A AKkick is excited using a corrector and response is measured in

subsequent BPMs.
A A set of data is taken for different kicks for the same corrector.

A Potential sources of discrepancy in measurements :
I Good field region of Qadrupoles.
Altis 23 mm for MEBT quads.
I Linear region for the BPMs.

A Detailed description is presented in RIFL
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Calibration Coefficient of the Steering Correctors (1)

A Beam based characterization of calibration coefficient of correctors
(l.e. integrated magnetic field per unit corrector current) is foremost
steps toward optics model preparation.

A In order to estimate calibration coefficient of a given corrector, its
current is varied and change in beam shift is measured in the very
next BPM. Quadrupoles are turned off to exclude their focusing
effect.

M10 Corrector M20BPM

Quadrupole triplet is turned off
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Calibration Coefficient of the Steering Correctors (2)
Horizontal Steering CorrectorZ at M30 Mon|

A Beam centroid shift at following BPM is

given as: Ox = (DBI) Lc
g &
I where L is length from corrector to
measured device, pB| Iis change in
integral field of corrector and c is

velocity of light.

I DBl=CD , where C Is calibration
coefficient.

A Calibration Coefficient of corrector is
then expressed as:

adxg, g mc
C &%—8 g
cdl+ Lc
. adxg _
| gdlols slope estimated from
measurement.
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0.448 0.447
0.395 0.395
0.418 0.403
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Differential Trajectory Measurement Program
Developed bywyaghriSista, thanks to Bill Marsh Sunny

(| PXIE MEBT
File Edit Tasks Tools Custom Help

&8 ¥ Dk
PXIE-LEBT-SYSTEM

Tue 12-Jul-2016 08:05:49

[ Correctors » Quads “ScanDevices

(==

Selected Correctors

[P:mo0cxi 0.003 Start Value 0.0 | End Value 0.5 No. Of Steps [2
[p:moocyt 0.002 StartValue (0.0 | End Value 0.5 No. Of Steps [2
[Pmtocx | 0.004 StartValue [00 | EndValue [05 | No.Of Steps |2
[Pm1ocy 0.004 StartValue (0.0 | EndValue [05 | No.Of Steps |2
Devices
[PuxiFec |0 Pisiocc | 4002  [pmoock | 0.003
[Pmoocyl | 0.002 lPMtocx | 0.004 PMIOCYL | 0.004
[Pax2B1a | 0 [PMOOBXM | -937099.056 [P:MOOBYM | 937099.056
PM10BXM | 937099.056 |PM10BYM | 937099.056 |PMX2BXM | -909099.087
PMX2BYM | 909099.087 [pmooBiIC | 0 PM10BIC | 0
[PuxeBic | 0 lPmi0aDI | 0.081 P-M10QFI 0.089
[P-moocDr | 0.081 [Pmoocrl | 0.091
Monitored Devices
|[PMO0B1IC | MinimumValue [QQ \ MaximumValue 1.0 |0
|P:M10B1C Vv MinimumValue (0.0 } MaximumValue 11 0 " 0
PMX2BIC | MinimumValue 0.0 | Maximumvalue [1.0 0

DAQ Variable Panel

Measurements for Average ;10 \ readPeriod (msec) [ 1,000

Button Panel

| Diff Scan Exit | [v] RestorelnitialValues

correc tor

orrector

either P:M10CYI is less than minimum value or greater than maximum value of

<[>

= A One

can select steering
correctors (up to 6) and their
operating range.
Monitor devices allows to
discard bad data.

Reference trajectory IS
measured at the beginning
and the end of the
measurement.

DX = Xnew ™ Xref

2 _ .2 2
Sdif _Snew+5ref

A Program savesthe data files
compatiblewith OPTIM
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Differential Trajectory Measurement Set-Up

A Beam pulse length of 20 nsec with repetition rate of 10Hz is
used for the measurement.

A Bunch current is 5mA and beam energy is 2.12 MeV.

A Bunching Cavity 1 and 2 are set to voltage of 1 kV and RF
phase of -90°.
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Differential Trajectory after excitation of MOOCX

DMOOCXI =0.1A; Dx trajectory

A MOOCXI is first steering corrector.

A Each point represents an average of 50 readings .
3% Fermilab
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Differential Trajectory Measurement : Data Validation

A Before comparing with Simulation we performed a data
validation.

I Data for which beam dump current remains constant are chosen
for comparison.

I Inlinear optics ;/ :i//qq ; Thus two trajectories must overlap to

each other if one is multiplied with ratio of their kicks.
Dump Current

M10CYI

-1.6 -1.4 -1.2 -1 -0.8 -0.6 -0.4 -0.2 0 0.2

Good set of data - %

——
:l|> h
03]
MX1FPC

-4.82

] S
HH}H
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Differential Trajectory Measurement: Data Validation
Trajectory overlapping: A Good set of data shows trajectory overlapping

m Tra;ector_!,r . . _ _ @lﬂ”ﬂl

0.15 —

d: 0.1927, 0.1251 5
: Data_0 : C:XDifforb0.dat = 1
1 Data_2 : C:XDiffOrb5. dat = -0.87189

ol— ------- Datal=- IMOOC)Q -O---106A ........................ _________________________________________ _____________________
| Data2 -DMOOCXI = 0.121A

¥ Y Positions [cm)]

Hrzp=rt | | B vemo=t | [ W x| [ ov| [ T omtaa| | T oetaz

a2 rermilab
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Differential Trajectory: Measurements v/s Simulation

A In order to reduce discrepancy between measurement and

simulation, strength of quadrupole and correctors are adjusted.
[T Trajectory [ ]

000000

Quadrupole Magnetic Measuremen

(Tesla/A)

¢ / -~ FType 0.144
\F‘\/ T D-Type 0.085

™A In second doublet, quadrupoles
strength were scaled 0.96 and

3| LBy 4

| DMOOCXI =0.1A; Dxtrajectory

| 0.95.
T ne rae o [T s o s A In following triplets, F-type and
A MOOCXI corrector strength (shown on slide D-type quads were adjusted as
#7) is adjusted by a factor of 1.14. 0.95 and 0.94 respectively.

2= Fermilab
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Differential Trajectory Measurement: MOOCX and MOOCY
DMOOCXE-0.1A DMOOCYI = 1.05A;

o X.trajectory ___________________________________________________ _______________________________

T T T
5 8
[ rreo=t] [ v-epert| [M o] [M ov] T osan 1 oetat [1 ostez| [ L o3| T psas 1 Detas

— 0

After adjustment in
quads and corrector
strengths, simulated
trajectory pass
through data within

= RMS error.

A MOOCY!I corrector strength (shown on slide #7) is adjusted by a factor of

0.9.
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Differential Trajectory Measurement: M10CX and M10CY

DM10CXI = 0.55ADM10CYI = 0.41A;

¥ | ¥ Positions [cm]

— 00

[ stmp=rt] [ vomp=t| [M o] [M o] [T ostan] [ 1 ostat] T Dstaz T Deta3 1 Dstas T Datas

|2ae] JyBry

Using same quadrupole
calibrations as obtained
from  previous  study,

differential trajectory
obtained after M10C
excitation reasonably

agrees with prediction.

Data have been
performed for rest of
correctors and same level
of agreement is achieved
between prediction and
measurement.

A M10CX and M10CY!I corrector strength ((shown on slide #7) is adjusted by a

factor of 1.03 and 1.11 respectively.

15 Presenter | Presentation Title

2= Fermilab

8/8/2017



Beam RMS Size Measurement
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Beam RMS Size Measurements in MEBT-2:

A Beam scrapers are utilized to measure beam RMS sizes. are

measured using scrapers. From CBalffes

A Scraper scan is performed to intercept the
beam using one of the paddle.

paddle and at the dump.

A This data allows to determine beam RMS
size in respective plane.

.
Java Program: Bill Marsh ——— s
- PXIE Scraper Scan
Fri B-Jul-2016 17:21:1
Ltz (R T ] L =
Eile Edit Tasks Tools Help f.u‘r
A= S]r=Y) L= . /
PXIE raper Scan
Mon 11-Jul-201
n Denn
| Reaa s [ wiite sewp [ _sewpF | /
aper Device: [2:C. ] rt¢mmy: [0 ] cop (mm: | | scan stepsize (mm: [0.1 /
Humber to Averal | Plot Min: [0 | Plot Max; | ] = ::::"l:.;si:::un 2 /
oas: nt Device 1: [FAl | meas t Min 12 [0 | meas Max 1: [10 ] £y
e nt Device 2: | | Meas: nt Min 2: [0 | Measurement Max 2: [10 ] 9 /
oas nt Device 3: | | mMoas t Min 3: [0 | mMeas : [ ] z 3 ’J
meas ntDevice 4: | | meast :[o | meast [ J i e
or Dovice: | | in: [0 ] I \ pe: [Stop Scan |~ |
[ =tial = a Wait (Events): [1 ] Initial Wait (Events): [1 | read Period(mSec): [1000 ] il
jRascre = ck Event [Periodic |~ | Delay Type [H |~ | DelayiPeriodim sec): [1000 ] T - I f.tt.
— A Typical scan fitting
ow Poin ] G wi [ ype | parameters | | fit | | pervative piot | 54
[¥] Edge Gaussian  [] Hole Gaussian
[c3] act P ] Plot Ov | ‘ | pinerence prot |
[stan_| [ swop | [ mesume | & T T T
50 55 65 B0
P
B
[ | [ wm |
o
mmmmmmm alka: Beam Current Offset imA): 0 Directional | Beam C -3.3536 0.9963
tttttttttt
F " | Bea er (mm): 70.144 RMS (maA)
—as- 0




Simulation Set-Up:

A Allision scanner provides vertical Vertical Phase Space frofdlisionScanner

18

emittance. Same emittance
used for horizontal plane in the
simulation.

I In this study e= e =0.2 mm mrad

Beam initial energy is estimated
using TOF monitor.

I Beam energyis 2.12 MeV

Initial Twiss Parameters were
obtained from measurement at
MEBT 1.3.

I Procedure is discussed iIn J.P.

Carneiro talk in 28 Feb. 2017 PIP-II
Meeting.

TRACEWIN 1.45 0.368

.
I S 3 Allision Sranner Headwi

S
File  Edit View Project Operate Tools Window Help .
» (]
Startup | Scan Setup | Scanning | Analysis _ Save Im: -QU”
Slice2 4 o CalcConsts|
12- i Lirara| | 200
10- gefrm)| 15.87
8- gofrnmi| 1551
3 Ugewy| |2.1M
4 :pthresho\d_ k| 0.01
; 2 cimfs)| 299792458
% 0 g &(C) L.602176462E-19
E Z e ——
_2_ rlon{amu) 1.0024E +0
4 a It
) rou| | L66054E-27
8 &l )
" 0.03 cbf| o
hdaxolts IlUUU
.12_
100 95 a0 Emittance Alpha
3.003 -387m
IPosition Mﬁlﬂl Mormalized E Beta
G211 2,133 200.9m 1515
|
I.ﬂ\ng\e—_l_l_l Angle Centroid sigma_x’ [mrad Image Integral Gamma
|Amp|,tude NAVEEEED 544,888m 3127 758.1m
Created File| % Z:\PHIE Instrumentation\Emittance Scanner Datal 201707055 MEBTAIlisonScan-2017-07-05_14-58.csv

-0.74 0.147

ab

-0.059 1.473



Beam RMS Sizes : Measurements v/s Simulation

A Simulation is performed using TRACEWIN with beam current of 4.7 mA
that corresponds to dump current during measurement.

A Beam RMS sizes were measured at location of First scraper, second

scraper and Allison Scanner.

A Magnetic strength of
guads were adjusted as
obtainedfrom differential
trajectoryanalysis

A Needmore set of data to
verify reproducibility of
the results and get an
assuranceof initial Twiss
parameters
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Future Work

A In next run (started from August 7t ) we would address:

I Beam parameters at upstream of the MEBT drifts during the
measurement. It affects the quality of measurement.
I Differential trajectory analysis when bunching cavities are
turned on.
I A comparison of differential trajectory measurement with pencil
beam and nominal beam.
A Pencil beam is generated using scraper system in MEBT and it is
primary tool of beam commissioning in the SRF linac.

I RMS beam sizes Measurement .

A MEBT-3 is longer and we could measure beam sizes at more
locations that would allow to improve our model.

2= Fermilab
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Summary

A A program has been developed to perform the differential
trajectory measurement.
I Program (in combination with OPTIM) is very useful even for
the beam commissioning purpose.
A An optical model based on beam dynamics code OPTIMX is
developed.

I A preliminary study suggest that quadrupole strengths were off
by 4 — 5% from magnetic measurement.

I Differential trajectory prediction and measurement agree within
two RMS of measurement data.

I Optical model can be used to manipulate beam trajectory along
the MEBT

A RMS beam sizes prediction using initial Twiss parameters is

within 5% but need more set of data to make a statement.
2% Fermilab
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Trajectory

0.1
b | | | | |
NHL| | T T T I
i Datz_0 : C:XDiffOrb50.dat * 1
Data_1 : C:YDiffOrbg0.dat = 1 T
b Data_2 : C:YDiffOrb62.dat = 1
(S,
I 1

N\

%[ ¥ Posttions [cm]
S
&

0.1

T T T T
0 2 4

M20 CX and CY
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Trajectory
02 -
B | | | [} |
| | IT T I'T TT /
i Data_0 : C:XDiff0rb50.dat * 1 L
Data_1: C:YDiffOrb60.dat * 1
b Data_2: C:YDifforbs2.dat * 1
015 Data_3... C:XDiffcrb27.dat * 1 [
Data_4: C:XDifforb27.dat * 1
T Data_5: C:YDiffCrb36.dat * 1 r
01 /
E 4
= =
[ g )
] a
£ 0.05 FE
5 T
4 =
e a
= 4

T T T T T T T T T T T T T T T T T T T T T T T 1
8 10 12 14

[}
] ro rom 1o 1 [T

M30 CX and CY

2= Fermilab

8/8/2017



A Back-ups
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BPMs v/s Buncher

Vertical Position Horizontal Position

”'l:'l'h; |JI'"I:'”“’W'H“M Jlll':“i HIL' H

A There is significant impact of turnitagincheron/off on vertical beam
position readings. However, relatively there is no such noticeable impe

on horizontal position reathacks. .
P 2= Fermilab



Characterization of TOF monitor

M50CXI v/s MX2BXM M50CXI v/s M32XL (Frankenstein left plate scraper)

2000 N
y = 2305.7x+ 668.96
53 y =-1.1703x+ 52.127

1500 @ ¢
52.8
1000 526
= 0. £
E E 524
= ' A “5a
< o
S : o s R
S0 0.6 04" 0.2 0 02 0.4 0.6
s
. 500 oL
® o ]
) 51.6
A -1000
514
08 06 0.4 0.2 0 02 0.4 06
-1500 M50CXI
M50CXI (A)

A Ratio of slopes at TOF to Frankenstein scraper matches within 5 % of
ratio of their respective distances from the M50CXI corrector.
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Influence of Quadrupole on corrector fields

A Simulation  suggests that
guadrupole presencewill affect
strength of steering corrector

—With quads ——Without quads

100
90

- andresultin:
7 o A Shiftin center of gravity by 88
§ 50 mm.
Y 40 A Integral field is reduced to
% about44 %
20 .. .
o A Magneticintegral field of corrector
IS measured standalone without
-1500 -1000 -500 0 500 1000 1500 quadrupOIeS

Z, mm

A Corrector Calibration coefficient that implies integral field per unit

corrector current is changed.
A Need to determine new calibration coefficient for correctors.
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